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Description

The present invention relates to a process for
preparing an organic compound thin film for an
optical device. Particularly, the thin film of the
invention can be used in a non-linear optical de-
vice, photoelectric device, optical integrated-circuit
device, and the like.

Organic compounds are attracting considerable
attention in the above applicable fields thereof in
that they have suitable characteristics but also al-
low relatively unrestrained material design. How-
ever, to use organic compounds in a practical
device in such fields, molecules of these organic
compounds need to be oriented and crystallized.

LB technique (Langmuir-Blodgett's technique)
is conventionally known as a preparing technique
of an organic thin film having an orientation prop-
erty. This technique is characterized in that organic
molecules, each of which has a hydrophilic group
at one side and a hydrophobic group at the other
side, are developed on a water surface so as to
form a monomolecular layer, and such a layer is
accumulated one after another with its molecules
"stood" on a suitable substrate. Usually, this tech-
nique can yield a thin film whose molecular axis is
oriented perpendicular to the substrate.

However, the following restrictions exist in LB
technique to have a well-controllable and well-ori-
ented monomolecular thin film. First, an organic
molecule to be used must be so designed and
synthesized as to have a long-chain alkyl group as
a skeleton where a hydrophilic group and a hy-
drophobic group are well balanced at one end and
the other end thereof, respectively. Second, since
this technique is a wet method, materials to be
used and applications of the film are restricted. In
addition, since a monomolecular layer is stacked
one after another, it takes long time to form a thin
film.

There is a vacuum vapor deposition technique
other than LB technique to have an organic com-
pound thin film. This technique is a dry method
and widely used to form an organic compound thin
film of a low to high molecular compound.

Generally, it is not always easy to control ori-
entation of molecules in this technique. To over-
come this problem, Japanese Unexamined Patent
Publication SHO 160427/1987 discloses such a
technique that a polyester orientation film which is
uniaxially oriented is used as a substrate to control
orientation of vapor- deposited organic molecules.
This technique is characterized in that a high mo-
lecular film as a substrate is rendered uniaxially
oriented by drawing or the like, and an organic
compound is vapor-deposited thereon by vacuum
vapor deposition. However, a thin film prepared by
the technique does not have enough orientation
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degree for practical use.

Thus, a thin film prepared by each of the
above techniques does not have enough molecular
orientation, therefore, it cannot exhibit enough non-
linear optical effects such as a second harmonic
and the like.

It is an object of the invention to provide a
process for preparing an organic compound thin
film wherein organic molecules or crystals thereof
are highly oriented in vacuum vapor deposition
technique, the organic compound thin film being
useful in a non-linear optical device and the like.

The inventors of this invention have found that
highly oriented crystals constituting a thin film are
vapor-deposited when geometric linear streaks with
a microscopic unevenness are formed on a sub-
strate surface of amorphous organic polymer and
an organic compound thin film is then vapor-depos-
ited thereon. This is supposed that, by forming the
geometric linear streaks with a microscopic un-
evenness, a portion of or the whole very top sur-
face of the amorphous polymer substrate comes to
have strong physical interaction with the deposited
molecules.

Thus, according to the present invention, there
is provided a process for preparing an organic
compound thin film for use in an optical device
comprising the steps of forming a multiplicity of
geometric linear streaks with a microscopic un-
evenness on a surface of a substrate, at least said
surface being made up of an amorphous organic
polymer layer; thereafter vapor-depositing on said
surface an organic compound capable of exhibiting
non-linear optical characteristics to form an ori-
ented non-linear optical material film.

Fig. 1 is an explanatory view showing a vapor
deposition apparatus used in an example of the
invention.

Figs. 2(a) to 2(c) are each an X-ray diffraction
pattern of MNA thin films prepared in the example
of the invention and comparative examples 1 and
2, respectively.

In the present invention, a multiplicity of geo-
metric linear streaks with microscopic unevenness
on a substrate at least whose surface is made up
of an amorphous organic polymer layer are formed.

The above amorphous organic polymer can be
selected from, for example, polyimides, phenolic
resins, poly(methyl methacrylates), polystyrenes,
and their low grade pre-polymers (usually their
polymerization degree ranges from 10° to 10°), and
the like.

If functional groups in the principal chain or
side chain of the amorphous organic polymer are
appropriately selected, orientation of the deposited
molecules (molecules of an organic compound ca-
pable of exhibiting non-linear optical characteris-
tics) may become highly controllable because of
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synergetic effects with the geometric linear streaks.

The amorphous organic polymer can be mol-
ded into a plate or curve plate of 0.01 to 10 um
thick to form a substrate by using a known method.
Usually, it is more convenient to coat a plate or
curve plate of an inorganic compound, for example,
silicon, glass, or the like with an amorphous or-
ganic polymer by using a known method so as fo
form a substrate with an amorphous organic poly-
mer layer.

The abovementioned geometric linear sitreaks
allow the organic compound exhibiting non-linear
optical characteristics to orient, and can be formed
on the amorphous organic polymer layer constitut-
ing a surface of the above substrate.

A size of unevenness made by the geometric
linear streaks is not specifically limited, but desir-
ably as small as a size of the deposited molecule
(dozens of A to hundreds of A). The size in section
of unevenness may be 0.5 nm (5 5\) to 1 um,
preferably 1 nm to 50 nm (10 A to 500 5\) in gap
and in pitch. However, it is difficult to obtain a well-
oriented thin film if the size of unevenness is out of
the above range.

The geometric linear streaks may be formed
by mechanical rubbing, lithography using electro-
magnetic wave including light wave, charged-par-
ticle beam, neutral beam, chemical etching, or the
like. Especially, rubbing with fine fibers is conve-
nient and preferable.

In the present invention, the organic compound
capable of exhibiting non-linear optical characteris-
tics is vapor-deposited on the substrate to form the
non-linear optical material layer. The organic com-
pound capable of exhibiting non-linear optical char-
acteristics can be selected from, for example, 2-
methyl-4-nitroaniline, 7-diethylamino-4-methyl-
cumarin, 3-nitroaniline, 5-nitrouracil, a-resolcinol, 3-
aminophenol, 1,3-dinitrobenzene, 2-bromo-4-
nitroaniline, methyl 2-[(2,4-dinitrophenyl)amino]l-pro-
panoate, N,N'-dimethylurea, 3-methyl-4-
nitropyridine -1-oxide, N-(4-nitrophenyl)-(L)-prolinol,
and the like. Among them, 2-methyl-4-nitroaniline is
preferable because it exhibits marked non-linear
optical characteristics.

Conditions for carrying out the vapor deposition
are not particularly limited. However, the deposited
film thickness is preferably approximately 10 nm
(100 5\) fo 10 um to obtain a well-oriented non-
linear optical material film. Additionally, too high
temperature of the vapor source is not desirable to
avoid decomposition of the organic compound.

According to the present invention, the geo-
metric linear streaks cause the organic compound
exhibiting non-linear optical characteristics to orient
in a predetermined direction, the organic com-
pound being vapor-deposited on the substrate. This
makes it possible to remarkably enhance the ori-
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entation property of the non-linear optical material
layer which is formed on the organic compound
exhibiting non-linear optical characteristics. As well,
it becomes possible to form non-linear optical ma-
terial layers different in physical and chemical
properties by selecting a functional group in the
amorphous polymer constituting the surface of the
substrate.

Example 1

Here, a process for preparing a crystalline thin
film of 2-methyl-4-nitroaniline (hereinafter abbre-
viated as MNA), which is atiracting attention as an
organic compound material exhibiting great non-
linear optical effects, is exemplified to specifically
describe the invention with reference to the draw-
ings. It is to be noticed that materials used for the
substrate and vapor deposition are not limited to
polyimide and MNA, respectively.

Preparation of the MNA non-linear optical ma-
terial layer is performed using a vacuum vapor
deposition apparatus shown in Fig. 1. First, a solu-
tion of a polyamic acid in N-methylpyrrolidone was
spin-coated on a quariz glass substrate. After dry-
ing, it was heated and baked (at 300°C) to form a
polyimide film of approximately 1000 A thick. Fur-
ther, the surface of the polyimide film was rubbed
in the following manner to form geometric linear
streaks. The obtained polyimide film was first
pressed against a cloth with its fibers gigged under
a predetermined pressure, the fiber being approxi-
mately 10 um in diameter. The substrate was then
moved at a constant speed in a fixed direction.
Further, the substrate was washed with an organic
solvent such as isopropyl alcohol or the like to
yield the substrate 1. Unevenness in section of the
geometric linear streaks was 1 - 50 nm (10 - 500
A)in gap and 1 - 50 nm (10 - 500 A) in pitch.

The substrate 1 was attached to a substrate
holder 2 and a commercially available MNA
reagent was put in a crucible 5. Subsequently, air
in a glass bell jar 10 was discharged through a vent
opening 12 to have a vacuum bell jar. Next, tem-
perature of the substrate 1 was kept at 0°C, and
the crucible 5 accommodating the MNA was heat-
ed under vacuum of the order of 10~® Torr to
sublimate the MNA, so that the MNA was vapor-
deposited on the substrate 1 to form a thin film of
approximately 3 um thick.

Comparative Example 1

A MNA thin film was formed in the same
manner as in the Example 1 with the exception that
no polyimide film was formed on the quartz sub-
strate.
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Comparative Example 2

A MNA thin film was formed in the same
manner as in the Example 1 with the exception that
the rubbing and washing were not carried out.

Then, X-ray diffraction analysis was conducted
on crystalline orientation of the MNA thin films
prepared in Example 1 of the invention, and in
Comparative Examples 1 and 2, respectively. Fig.
2(a) to 2(c) are each an X-ray diffraction pattern of
the MNA films prepared in the Example 1 of the
invention and Comparative Examples 1 and 2, re-
spectively. According to the X-ray diffraction pat-
terns, in the case of the MNA thin film [Fig. 2(b)]
formed on the quartz substrate in Comparative
Example 1, there appeared both strong reflections
(112) and (020). As well, in the case of the MNA
thin film [Fig. 2(c)] formed on the polyimide-film
surface substrate in Comparative example 2, there
appeared an exiremely strong reflection (112) and
a slight reflection (204).

In contrast, in the case of the MNA thin film
prepared in Example 1 of the invention, the MNA
thin film exhibited nearly complete uniaxial orienta-
tion in the (112) direction as shown in Fig. 2(a).

Accordingly, the above facts prove that the
present invention is an excellent process for pre-
paring an organic compound thin film (non-linear
optical material layer). As well, the MNA thin film
prepared on the quartz glass substrate via the
polyimide film rubbed in accordance with the in-
vention can be suitably used in a waveguide-type
non-linear optical device.

Thus, according to the present invention, a
non-linear optical material film having an very high
orientation property can be prepared. Further, by
using this non-linear optical material film, a high-
quality non-linear optical device can be manufac-
tured, if it is configured with, for example, laser-
beam projecting means, the non-linear optical ma-
terial film, and outgoing light detecting means for
detecting outgoing light from the film.

Claims

1. A process for preparing an organic compound
thin film for use in an optical device compris-
ing the steps of forming a multiplicity of geo-
metric linear streaks with microscopic uneven-
ness in cross-section on a surface of a sub-
strate, at least said surface being made up of
an amorphous organic polymer layer; there-
after vapor-depositing on said surface an or-
ganic compound capable of exhibiting non-
linear optical characteristics to form an ori-
ented non-linear optical material film.
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2. A process for preparing an organic compound
thin film as set forth in Claim 1, wherein said
amorphous organic polymer layer is made of a
polyimide, phenolic resin, poly(methyl
methacrylate) or polystyrene.

3. A process for preparing an organic compound
thin film as set forth in Claim 1, wherein said
geometric linear streaks have unevenness in
cross-section with 0.5 nm (5 5\)- to 1 um-gap
and 0.5 nm (5 A)- to 1 um- pitch.

4. A process for preparing an organic compound
thin film as set forth in Claim 1, wherein said
geometric linear streaks are formed by me-
chanical rubbing, lithography using a charged-
or neutral-beam, or chemical etching using
etchant.

5. A process for preparing an organic compound
thin film as set forth in Claim 1, wherein said
organic compound capable of exhibiting non-

linear optical characteristics is 2-methyl-4-
nitroaniline,  7-diethylamino-4-methylcumarin,
3-nitroaniline,  5-nitrouracil, a-resolcinol, 3-
aminophenol, 1,3-dinitrobenzene, 2-bromo-4-
nitroaniline, methyl 2-[(2,4-dinitrophenyl)-

aminol-propanoate, N,N'-dimethylurea, 3-meth-
yl-4-nitropyridine-1-oxide or N-(4-nitrophenyl)-
(L)-prolinol.

6. A process for preparing an organic compound
thin film as set forth in Claim 1, wherein said
non-linear optical material film has a thickness
of 10 nm (100 A) to 10 um.

Patentanspriiche

1. Verfahren zum Herstellen eines diinnen Films
aus organischem Material flr die Verwendung
in einer optischen Vorrichtung, umfassend die
Stufen: Bilden einer Vielzahl geometrischer li-
nearer Streifen von mikroskopischer Uneben-
heit im Querschnitt auf einer Oberfliche eines
Substrats, wobei mindestens die Oberflache
aus einer amorphen organischen Polymer-
schicht hergestellt ist, anschliessendes Dampf-
abscheiden einer organischen Verbindung,
welche sich dazu eignet, nicht-lineare optische
Eigenschaften auszuiiben, auf der Oberflache,
wobei ein orientierter, nicht-linearer, optischer
Materialfilm gebildet wird.

2. Verfahren zum Herstellen eines diinnen Films
aus organischem Material nach Anspruch 1,
wobei die amorphe organische Polymerschicht
aus Polyimid, Phenolharz, Poly-
(methylmethacrylat) oder Polystyrol hergestelit
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wird.

Verfahren zum Herstellen eines diinnen Films
aus organischem Material nach Anspruch 1,
wobei die geometrischen linearen Streifen eine
Unebenheit im Querschnitt von 0,5 nm (5 ,&)
bis 1 um in bezug auf die Licke und von 0,5
nm (5 A) bis 1 um in bezug auf den Teilungs-
abstand aufweisen.

Verfahren zum Herstellen eines diinnen Films
aus organischem Material nach Anspruch 1,
wobei die geometrischen linearen Streifen
durch mechanisches Reiben, Lithographie un-
ter Verwendung eines geladenen oder neutra-
len Strahls oder chemisches Atzen unter Ver-
wendung eines Atzmittels gebildet werden.

Verfahren zum Herstellen eines diinnen Films
aus organischem Material nach Anspruch 1,
wobei das organische Material, das sich dazu
eignet, nichtlineare optische Eigenschaften
auszuliben, 2-Methyl-4-nitroanilin, 7-Diethyla-
mino-4-methylcumarin, 3-Nitroanilin, 5-Nitrou-
racil, a-Resorcin, 3-Aminophenol, 1,3-Dinitro-
benzol, 2-Brom-4-nitroanilin, Methyl-2-[(2,4-di-
nitrophenyl)aminolpropanoat, = N,N'-Dimethyl-
harnstoff, 3-Methyl-4-nitropyridin-1-oxid oder
N-(4-Nitrophenyl)-(L)-prolinol ist.

Verfahren zum Herstellen eines diinnen Films
aus organischem Material nach Anspruch 1,
wobei der nicht-lineare optische Materialfilm
eine Dicke von 10 nm (100 A) bis 10 um
aufweist.

Revendications

Procédé de préparation d'un film mince de
composé organique pour usage dans un dispo-
sitif optique, comprenant les étapes consistant
4 former une série de siries linéaires géométri-
ques présentant une inégalité microscopique
en coupe fransversale sur une surface d'un
substrat, au moins ladite surface étant consti-
tuée d'une couche de polymére organique
amorphe, et & déposer ensuite en phase va-
peur sur ladite surface un composé organique
susceptible de présenter des caractéristiques
optiques non linéaires pour former un film de
matiére optique non linéaire orients.

Procédé de préparation d'un film mince de
composé organique selon la revendication 1,
dans lequel ladite couche de polymére organi-
que amorphe est constituée d'un polyimide,
d'une résine  phénolique, d'un  poly-
(méthacrylate de méthyle) ou d'un polystyréne.

10

15

20

25

30

35

40

45

50

55

Procédé de préparation d'un film mince de
composé organique selon la revendication 1,
dans lequel lesdites stries linéaires géométri-
ques présentent une inégalité en coupe trans-
versale avec un intervalle de 0,5 nm (5 angs-
troms) & 1 um et un pas de 0,5 nm (5 angs-
froms) & 1 um.

Procédé de préparation d'un film mince de
composé organique selon la revendication 1,
dans lequel lesdites stries linéaires géométri-
ques sont formées par frottement mécanique,
lithographie utilisant un faisceau chargé ou
neutre, ou par gravure chimique utilisant un
agent de gravure.

Procédé de préparation d'un film mince de
composé organique selon la revendication 1,
dans lequel ledit composé organique suscepti-
ble de présenter des caractéristiques optiques
non lindaires est la 2-méthyl-4-nitroaniline, la
7-diéthylamino-4-méthylcoumarine, la 3-nitroa-
niline, le 5-nitrouracile, l'alpha-résorcinol, le 3-
aminophénol, le 1,3-dinitrobenzéne, la 2-bro-
mo-4-nitroaniline, le  2-[(2,4-dinitrophényl)-
aminol-propanoate de méthyle, la N,N'-dimé-
thylurée, le 3-méthyl-4-nitropyridine-1-oxyde
ou le N-(4-nitrophényl)-(L)-prolinol.

Procédé de préparation d'un film mince de
composé organique selon la revendication 1,
dans lequel ledit film de maitiére optique non
lindaire a une épaisseur de 10 nm (100 angs-
froms) 4 10 um.
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FIG. 1

///"z,x%y/ T T /%5

%“\1\\\ AR NNRANAN

.
l

A
A

OSSN N NTINONDND NN N

¢
Z

i

\

\\\\\\\\\\\'}\]}\\

L +—9

d




EP 0 390 540 B1

FIG. 2
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